Teams are increasingly adopting robots to accomplish their work. Despite this, more research is needed to understand what makes these teams effective. One such topic not fully explored is the formation of subgroups in teams that work with robots. We conducted a pilot study to explore this topic. The study examined 15 teams of 2 people, each team member working with a robot to accomplish a team task. Results of the pilot study showed that subgroups formed between humans and their robots were negatively correlated with various team outcomes. Although our results are preliminary, we believe our findings can initiate future research on the topic of subgroup formation in teams working with robots.
are often paired to work alongside astronauts in space missions [10] . Construction sites and urban searchand-rescue (USAR) teams are employing robots for dangerous and labor-intensive tasks. As a result, robots have become an important fixture in many team settings [20] . Yet, there is much we do not know about what makes these teams effective [18] . The ability to work together as a unit is often lauded as the key to teamwork [17] . The formation of subgroups has the potential to undermine teamwork with robots.
Subgroup formation, the emergence of smaller groups within teams, has been found to undermine teamwork [15, 16] . Subgroups emerge when relationships among some team members are much stronger than relationships among other team members. The subgroups can essentially divide the team and create discord among team members [3] . These subgroups within teams often compete against one another rather than work together [7] . When this occurs, teams do not operate as cohesive units but instead behave as competing subdivisions. Subgroups have been associated with increases in conflict and decreases in trust, satisfaction and performance in teams [11, 21] .
Although prior work has not examined the impact of subgroup formation in teams working with robots, research has been done on the impact of attachment between humans and robots. Research has shown that a cohesive relationship between a human and a robot can lead to positive outcomes. For instance, attachment toward one's robot has been associated with greater engagement and enjoyment with the robot [8, 9] . However, a study of EOD (explosive ordnance disposal) teams using robots suggests that attachment to one's robot may have drawbacks. In these EOD teams attachment to a robot made operators hesitant to deploy the robot during risky situations, and as a result the effectiveness of the EOD decreased [4] . This suggests that attachment between robots and humans is not always desired. Research has not fully explored the potential negative impacts of attachment to one's robot in teams that have the potential for subgroup formation.
Despite the importance of subgroup formation in traditional teams, we know very little about its impact on teamwork involving robots. In this paper, we began to explore the concept of subgroup formation in teams working with robots. Our goal is to determine whether the attachment between individuals and their robot can create a subgroup and have similar negative effects to subgroups in traditional teams. To accomplish this we examined 15 teams working with robots to complete a team task. Results of this study offer preliminary evidence for both the existence and impacts of subgroups in teams working with robots.
Method
We conducted a pilot study in preparation for a much larger study. The pilot employed a lab experimental design. Thirty individuals were recruited at a large midwestern university in the United States (14 females, mean age 24.7, SD = 7.48). Participants were randomly assigned to a team of two humans and two robots (N = 15). Each participant was paired with a robot to accomplish his or her part in the team task. After the task was completed participants answered a questionnaire and were paid $20.
Experimental Task
The experimental task was to deliver five small (236 ml) water bottles from one point to another point using a robot (See Figure 1) . The task area was made with cardboard (0.44 meters × 2.91 meters). Participants were told that their job as a team was to deliver all five water bottles from point A to point C. Person 1 using robot 1 delivered each water bottle from point A to point B. Then, person 2 using robot 2 picked up each water bottle from point B and moved it to point C, the final destination. There were four obstacles along the route of each robot. The delivery task was designed to be an interdependent task. For instance, robot 1 was not allowed to be used to deliver water bottles beyond point B and robot 2 could only pick up water bottles from point B. 
Robots
The robots used in the experiment were built from LEGO® Mindstorms® EV3 (see Figure 2) . The robots were designed to grip plastic water bottles and were controlled by infrared remote controllers. The basic design of the robots was adopted and modified from an example included in the LEGO set. 
Measures
Three constructs were chosen: team identification, team viability, and perceived team performance. These three constructs were chosen because they have either been shown to predict team performance or used as a proxy of team performance [3, 5, 6, 7] . All three constructs were measured using a 5-point Likert scale ranging from 1 for "strongly disagree" to 5 for "strongly agree" and were obtained from individuals and aggregated to the team level. Cronbach's α for all constructs exceeded .90 and all ICCs were above .11.

Team identification was measured with items adapted from [3] . An example item included "I was happy with being identified as a member of this team."  Team viability was measured using an index of five items adapted from [6] . An example of one item used was "If I had the choice of working in this team including the robots again, I would do it."  Perceived performance was measured using an index of three items created for this study. "This team met or exceeded my expectations and fulfilled its overall objectives" was one of the items used.  Subgroup formation was measured by averaging the level of cohesion reported by participants between themselves and their teammate against their level of cohesion between themselves and their robot. Cohesion was measured using an index of five items adapted from [5] . An example item was "I feel close to this team member." The level of cohesion between participants and their robots was subtracted from the level of cohesion between participants and their teammates. Negative values were coded as a 1 to represent a subgroup while non-negative values were coded as a 0 to represent no subgroup. Because this work was preliminary we were only interested in exploring the possible implications of the existence of subgroups, therefore we dichotomized the construct.
Results
Means and standard deviations are shown in Figure 3 . Because this was a preliminary study we used correlation analysis to determine whether there was a significant relationship between subgroup formation and team identification, viability and perceived performance. We computed Pearson's correlation coefficients (e.g., r). The correlations between subgroup formation and team identification, viability and perceived performance were -.68, p < 0.05; -.62, p < 0.05, and -.75, p < 0.01, respectively.
Results provide evidence that subgroups were formed by strong attachments between humans and their robots. These subgroups were also negatively correlated with important team outcome variables.
Limitations and Future Research
The study has several limitations. Further research is needed to refine the measurement of subgroup formation in teams working with robots. For example, there are many measures of subgroup formation; more research is needed to explore which measures are appropriate [16, 21] . More research is also needed to fully examine the impact of subgroup formation in teams working with robots. The literature has identified many ways subgroup formation can hurt teamwork in traditional teams [2] . In this pilot study we only examined a small set of outcome variables. Future research should investigate what other outcome variables could be impacted by subgroup formation in these teams (e.g., conflict). In addition, our sample size was small and our context was very specific. Additional research could be conducted with larger sample sizes in field settings. Finally, because team size has been shown to impact team outcomes [19] , future research should examine size along with subgroup formation.
Implications for Theory and Design
The existence of subgroups might have broader implications for theory and design of teams and robots for teams. First, research should examine impacts of attachment to robots in larger teams, which have the potential for subgroup formation. Much research has found positive impacts of attachment to robots in dyadic interactions. Yet, our results showed that in teams with more than one human and more than one robot subgroup formation based on one human's attachment to his or her robot was negatively related to various team outcomes. Second, our results can inform theory related to subgroup formation in traditional teamwork. Our results demonstrate that subgroup formation can occur when humans are more attached to their robots than teammates. The role of technological artifacts in subgroup formation in traditional teams has not been explored. Yet, technologies such as robots are increasingly playing a more central role in teamwork [14, 18] . Future research on subgroups in traditional teams should consider examining the role of technologies.
This study also has implications for design. Robots, like other types of technologies [14] , can be designed to promote social integration, which is important for teamwork [13] . For designers of robots, this may imply the need to consider ways to alleviate subgroup formation in teams working with robots. For example, in traditional teams without robots, subgroups can be formed by physical appearances related to demographics such as gender, age and ethnicity [11] . To counteract this, robots could be designed to highlight the commonality among all team members, thereby suppressing demographic characteristics that can cause divisions. For example, in mixed-gender teams robots could be designed to be gender-neutral. Another way design could help reduce subgroup formation is by promoting team identification by ensuring that robots include team logos and colors.
Conclusion and Future Research
Subgroup formation has been shown to be an important element to predicting the effectiveness of teamwork. Despite this, much more work is needed to understand the effects of subgroup formation in teams working with robots. Results of this preliminary study provide some evidence of both the existence and negative impacts of subgroup formation in teams working with robots. It is our hope that this pilot study can begin a conversation about further research on the topic.
